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ABSTRACT

q 7119
This report is designed to serve as an introduction

to a set of programs for doing the calculations necessary
to solve crystal structures by diffraction techniques.
It briefly describes the structure of the "system", lists
the current "links" in the system, and shows an example
of the use of some of the programs of the system. The
detailed users manual is maintained as an expandable file
of card images on magnetic tape to be distributed with the
current version of the system tape. The system is designed
to be run in conjunction with or exclusive of any monitor.

This report is specific for the IBM 709/7090/7094.
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Purpose of the system

X~-Ray 63 is designed to bring together the nucleus of a
system to carry out the computations required for the solution
of crystal structures by X-Ray diffraction techniques. The
authors are building a library of crystallographic programs,
gathered from many sources, all stored in a single magnetic
tape file. These programs are merged in such a manner that
they are executable without modification at any 709, 7090,
7094 installation. In addition they may be used in conjunc-
tion with nearly all monitors by the preparaticn of a simple
calling program. A concerted effort has been made to make
the system user oriented. Thus there are provided many aids,
checks, and conveniences for the crystallographer. Each pro-
gram in the system (link) is designed to maintain the data
which is obtained by diffraction measurements as an expandable
file on magnetic tape. Thus for each crystalline substance
under study, information is accrued during the course of the
calculations in such a way that the results of one serve as
the input to others. This approach means that fewer and
fewer data cards are required as the crystal structure

analysis proceeds.



Scope of the system

This report represents a preliminary and general
description of X-Ray 63. The system is designed to be
enlarged upon and in fact contains programs within itself
to accomplish this objective. 1In order to maintain correct-
ness and currency the details of all the current links in
the system are given in a "users" manual which is maintained

and supplied., upon request, as a file of card images on

magnetic tape. (A program has been prepared to make possible
printing the users manual through the use of an IBM 1401.)
The present operational links of the system are given

below,

SYSTEM LINK LABELS AND
CALLING CARDS FOR PROGRAM SYSTEM
as of April 1964

This list is the table of library programs in the

X-Ray 63 crystallography program system. The latest is
furnished with the users manual printed by the 1401. The

list will change as additional programs are added to the

system.
LINK LABEL CALLING PROGRAM
CARD
100 LOADER BEGINNING PROGRAM (BSS ILOADER AND TAPE
GENERATOR)
- 2 -




1000

1001

2100

3600

4000

5000

5500

6000

6100

6300

6500

8000

10000

10300

10500

10600

10700

10800

FC
(CALLED
BY FC)
DFSYNA

ORFLS

FOURR

FOUREF

SHLPAT

BONDLA

ORFFE
PROJCT
LSQPL

DELSIG

DATRDN

DATCOR

DATFIX

MODIFY
WEIGHT

ESORT

PARAMETER LOADER FOR STRUCTURE FACTOR
CALC

STRUCTURE FACTOR AND STATISTICS PROGRAM
{(FCTWO®

DIFFERENTIAL SYNTHESIS

BUSING-MARTIN-LEVY FULL-MATRIX LEAST-~
SQUARE

FOURIER SYNTHESIS

FOURIER REFINEMENT (SHIFTS ATOMS TO
FOURIER PEAK)

SHELL PATTERSON (MERCATOR PROJ. OF
SPHERES IN PATTERSON SPACE)

BOND LENGTHS AND ANGLES AND HYDROGEN
COORDINATES

BUSING-MARTIN-LEVY FUNCTION AND ERROR
PROJECTION OF A MOLECULE ON A PLANE
LEAST SQUARES PLANE AND LINE

DELTA F VS FO PLOT FOR SIGMA FOR DATA
REDUCTION

DATA REDUCTION (1/LP, ABSORBTION, SCALING
FORM FACTOR INTERP,, SYMMETRY GENERATION,
ETC.}

DATA CORRELATION FOR FILMS

CALCULATION OF SCALED UNITARY STRUCTURE
FACTORS (E)

SEARCH AND MODIFY REFLECTION TAPE
FREPARE WEIGHTS FOR LEAST-SQUARES

SORT FOR KARLE-HAUPTMAN PHASE DETERMINATION



11000 LISTFC FINAL STRUCTURE FACTOR LISTING

11100 CRYSET DONNAY-TAKEDA CRYSTAL TRANSFORMATIONS

12000 RPLANE CALC. R OVER A PROJECTION FOR MOVED
MOLECULE

12200 RLIST CALC. R FOR SPECIAL CLASSES OF
REFLECTION

12500 PARAM LEAST-SQUARES REFINEMENT OF LATTICE
PARAMETERS

15000 TFINFO CALCULATES TEMPERATURE FACTOR STATISTICS

20000 GESET GENERAT., OF REFLECT., AND CRYSTAL SET FOR
GE XRD-5

30000 PATCON PATTERSON CONVOLUTION PROGRAM

30600 PEKPIK SEARCH FOURIER MAP FOR PEAKS

30900 STUJOB STUDENT PROBLEM GENERATOR

31000 BYEBYE CONVERT SYSTEM REFLECT. TAPE TO NON-

SYSTEM FORMATS

31100 NRLA SPARE ENTRY -A- FOR EXPERIMENTAL PUR-
POSES OR ADDITIONAL LINKS

31200 NRLB SPARE ENTRY -B-~ FOR EXPERIMENTAL PUR-
POSES OR ADDITIONAL LINKS

313
32700 (CALLED EXECUTION ERROR DIAGNOSTICS
BY
EXEMW)



Outline of the approach to Crystallographic Computing under

the system

1.

Each program has a "calling" card which causes X-Ray 63 to
load the appropriate program (link) into the memory and

begin execution.

Each program has a set of required and optional cards the
presence or absence of which supply the data and keying
for any requested calculation.

All the programs communicate information about each
structure problem by means of binary magnetic tapes
(reflection tapes)} as well as card input. These tapes
accumulate the information from the cards supplied by

the user and calculations done by the programs. As a
result, the binary output tapes are designed to serve

as input tapes to subsequent calculations. Each program
which generates a new reflection tape is designed to pre-
serve and transcribe all data which it does not require
and update data which it is designed to process.

A series of various calculations using any of the programs
of the system may be executed sequentially by stacking
program reguests and data.

Tape switching, or saving, list titling, and other usual
system services are provided by the programs.

With few exceptions the programs are automatic for all
space groups, settings and special positions.

- 5 =



Some details of the structure of the "system"

The solution of crystal structures by means of X-Ray or
neutron diffraction redquires the treatment of large quantities
of data with lengthy calculations. Many of the calculations
required in this process are similar from one crystalline
substance to another. However, two main approaches have
evolved in writing programs for crystallography. One may
write crystal and computer laboratory specific programs thus
avoiding the difficulties which arise from the attempt to be
general; or one may write general programs and attempt to
make these programs as independent and adaptable as possible
to computer laboratory procedures. The plan of this "system"
is to assemble a set of general and interdependent programs as
crystallographically oriented as practicable which may be exe-
cuted, with little or no modification, at any IBM 709, 7090,
or 7094 installation. The system consists of a set of abso-
lute programs stored on binary tape. The method of storage
mimics the FORTRAN II chain tape structure. Each program is
stored in two records., The first is a label, a data channel
command which serves to load the second record and the loca-
tion of the entry point to the program. The absolute program
is stored in the second record. The sequential execution of
any number of programs of the system is controlled by the

system monitor program CALLER. This program communicates with




the laboratory monitor and with the links of the system through
low common (high absolute) storage. The initialization of the
system is accomplished by the first link on the tape (LOADER).
Execution may therefore be initiated by means of a monitor
"start" card (1B5CARD or 1AS5CARD). A more usual procedure,
however, is to write a calling program assembled and operated
under the "house" monitor which initiates common storage for
the X-Ray system, calls it, and leaves information necessary

to the proper restoration of the "house" system. Examples of
programs for accomplishing this function are given below.

In order to make possible the expansion of the system,
LOADER not only serves to initiate execution but also has the
ability to insert or supersede links and thus to generate a
new system tape.

Any FORTRAN II - FAP program may be adapted to the system
by suitable changes. Details of the requirements are given in
the users manual but may be summarized here as follows:

1) The first executable step of each link should be

CALL CALLER (4HNRLA) where NRLA (or NRLB) is the
mnemonic of the link being prepared. (Other
mnemonics require reassembly of CALLER)

2) All cards must be read through the subroutine

IFFI (If Friend or Foe Input) by CALL IFFI

(K22, S5HFIRST, 6HSECOND, ....... , 3HNTH) GO TO



(1, 2. 3, ..... M., EXIT), KZZ. Then after
screening by IFFI., may be read by 1 READ 101,
LIST which serves to reread the card under
the specified format.

3) The first 112 words of low common must be
protected and used to serve for link and
system communication.

4) Before each line of output is written on the
print tape (NT@UT} CALL LINES(N) must be
called. (Where N is the number of lines)

5) For any failure, especially the detection of
an unknown card, EXIT must be called.

6) A successful execution returns to the CALL
CALLER } statement.

7) The binary deck of the link, along with all

of its subroutines, may then be placed on an
updated system tape by means of the LOADER
link.

Details of the treatment of Crystallographic Data

The first essential data treatment program (DATRDN) of
the system generates a binary tape whose format is such that
it serves as input to the other system programs.

Programs such as DATFIX, FC, ORFLS, or DIFSYN in turn

update the binary reflection tape as necessary. Thus the



output of many programs serve as input to many other programs,
A history of the treatment of the data is automatically formed
as the data is copied and updated. One advantage of this
method of handling data is the fact that programs of the system
often require only control cards as the treatment of the data
progresses.

The list of the input cards of a simple run is shown be-
low. The sequence of events in the example show cards for
titling the pages of the output, setting the binary tape
designations, instructing the operator, and placing remarks
on the print tape, as well as calculations pertinant to solv-
ing a crystal structure.

In each link of the system which carries out the lengthy
calculations of crystallography considerable effort has been
expended to find algorithms which give good speed while

maintaining flexibility and convenience for the user.

Generalizations on the use of the system

The course of a desired calculation, which may involve
any number of the links in the system, is controlled by the
sequence of cards in the input data. These control functions
are exercised by a subroutine called CALLER through which all
input passes. Input data cards are identified by the punching

in the first six of the card columns usually a mnemonic of the



card function.

A data deck consists of the following kinds of cards.

(a) Operational cards (which are acceptable at any time)
perform immediate operations such as assigning tapes,
printing remarks and instructions, and supplying a
title.

(b) A calling card serves to call the specific program
link and initiate the program.

(c) Other data cards are read under the control of the
program link to supply, for example, parameters,
intensity data, and control information.

(d) The last card of the data deck must be an END card.

A sequence of interdependent calculations may be performed by
stacking up an appropriate set of data decks (for example -
FC followed by a Fourier synthesis, or, several cycles of
automatic refinement). This set of data decks must be pre-
ceded by a*ATA card. Another independent sequence of
calculations may be initiated by following the first sequence
by a *DATA card and one or more data decks - et continuum.
Execution terminates and control is returned to the calling
monitor when a FINISH card or an end-of-file is read on the

monitor input tape.

- 10 -




The sequence of events during the course of a calculation
is as follows:

A *DATA card causes immediate initialization of tape
assignments, page numbers, titles, etc. A calling card causes
the indicated program to be loaded (if it is not already in
core) and control is transferred to the program. Data cards
are read by CALLER at the request of the program. The types
of cards and their formats are discussed in detail in the pro-
gram specific write-up. Normally, the program reads and
processes data cards until the END card is reached; whereupon
the program finishes the calculation, writes summary data, and
returns control to CALLER. Another calling card can then ini-
tiate a new calculation with this or any other program on the
system tape.

If for any reason there is a calculation failure, control
is returned to CAILER which skips all subsequent cards until
another *DATA card is read, whereupon the calculation is
resumed. Because of this procedure, the calculations that run
independently should be separated by *DATA cards. A dependent
sequence of calculations is not separated by *DATA cards so that
failure of one link will cause deletion of the remaining parts.
The end of all calculations is indicated by a FINISH card. When
this card or an end-of-file is encountered on the BCD input tape,

control is returned to the calling monitor.

- 11 -



A current operation manual has been prepared by punching
instructions, card formats. and examples in cards. The "“system"
is then distributed as a binary file of programs and a BCD file
suitable for printing a manual on the 1BM 1401. The library
of symbolic programs and the binary decks are also available
upon reduest.

For convenience in use, the manual which is printed on
the IBM 1401 is divided into three parts. The first part is
a "users guide" giving an outline of the method andplan of each
calculation. The second part gives directions for use of the
programs in terms of card formats and card order. The third
part is a series of appendices to aid in adapting the system
to various monitors and installations. All programs, sub-
programs. and subroutines in the X-Ray crystallography program
system depend upon the FORTRAN II - FAP programming system.
Therefore it 1s helpful to be aware of the card format, con-
ventions and limitations of this system. The directions
attempt to be explicit wherever confusion might arise, but
let the user beware of computer laboratory specific procedures.

The system is designed to be run independently of any
monitor. The considerations which have gone into the design
have tried to be made general whenever possible. There is one
area, however. which any potential user in any shop must con-

sider carefully. and that is the use of magnetic tape. It is

- 12 =



always wise to make a careful study of tape handling procedures
in order to save the embarrassment that may attend injudicious
tape assignments (e.g. rewinding the laboratory BCD output tape
and using it for scratch, or trying to write on the shop
monitor). The X-Ray system has its own set of logical (illog-
ical?) tape designations which must be followed. If these are
used carefully no serious inconvenience will result either to

the user or to the shop.

- 13 -
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CHl

XXA

X<l

SYMBOLIC LISTING OF =85FURT=

LAgEL
PRUGRAM TO CALL X=RAY SYSTeM FROM BS
COUNT _ 100
TTL VERSION OF 1 JAN 63
TAPENU b5
CLA =1C0E17 SET PROGRAM TAPE NUMEcK
STO NTPROG
AXT NX 2 MOVE LOADER TC UPPER MEMURY
CLA XLA+NX 2
STC e XLA+NX»2
TIX *¥-24291
TEFP *+1
REWP
AXT S5el
RToP RecAD ANV CHECK LINK LAccEL
RCHP CHSELL
TCOP *
TRCP CHD
TEFP CHD
AXT 541 GO 7O LOADER
TRA XL C
B8SRP REDUNDANCY - TRY AGAIN
TIX CHC+19191
TRA o XXA
IORT o XLZsots ReEAD IN LADEL
LOADER {(cXECUTEU FROM UPPER MEMOKY ) ENTER AT o XLC
?8§P RECJUNDANCY = TRY AGAIN
NOP
TIX eXLColsl
wPDA COMMENT BAD TAPE
AXT 12,1
RCHA oXCIL
TRA e XXAl
LCHA o XCIL
LChA o XCIL+]1
LXA e XCIL92
TX1 «XXA29291
SXA eXCILs2
TIX e XXAl=1s1s1
HTR e XXA3
RTBP READ IN LINK
RCHP o XLZ+1 ~
TCOP «XLD DELAY
TRCP e XLA
TEFP e XXA .
TRA s XLZ+2 OKy GO TU THE LINK (Skk ~nOTE sELOW)
REM
oCT 041100020000 9L X—-RAY PKROGRAM TAPL UNRELAvAtLc
oCT C10¢00U0Q00D 8L
cCT 232201000000 7L
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SYMBOLIC LISTING OF =8518SY=

x LﬁgEL
* F
*¥p51B5Y PRUGRAM TU USE X~RAY SYSTEM UNDER THE I8SYS mONITUReees
COUNT 150 )
S%T LETS HAVE A LOOK AT 1o8YSs SYscCL Tol
LTM
LFTM GIVE UP FLOATING TRAP
STZ KILL SHUT OFF TRAPPING MOQOOJE
ENB KILL KILL ALL DATA CHANNEL TRAPS
L SNM GIVE UP BEING A 7C4(IF ANY)
TRICKY TCOA * MAKE SHURE CHAN A QUIET
TCO8 * DITTU B
TRCA *+] SHUT OFF ALL 10 C(HECKS
TRCB *+1
TEFA *+]
TEFB *+1 )
ESE FOURGET ABOUT DIVIDE CVERFLCAS
Ré; 1C6CC SHUT OFF THOSE POSITION INDICATORS
BTT 200¢C
NOP
ETT 19¢CC
NOP
ETT 20C0
NOP
SLF TOH L wITH SENSt LIGHTS .
TOV *+1]1 WHU CARES IF THERC WAS AN uVerRFLOW
BURP AXT 591 GET SET _TO MAKE 5 TRItS
REWB 5 REWIND THE X-RAY SYSTEM TAPL
RTB8 5 SKIP DOWN THE X=-RAY TAPE
TCO8B *
TEFB *42 TILL AN END OF FILE 1% FCUND
TRA #-3 KEEP TRYING . )
wTBeg 5 PUT IBSYSES GUODILS ON THE TAIL tEND OF o
RCHB DuUMPY FIVE
LCHB DUMPY +1
TCO3 wWall ) o
TRCB CHDDR AND HOPE THERE ARE NC REVUNDANCIESeee
TRA MADETT WHEWe e e o ) )
CHDDR  TIX BURP+191,1 TRY FIVE TIMES BEFORE WUITTING _
wPDA THEN GIVE JP AITH A ZAD TAPC COMMENT
AXT 1251
RCHA STUFF
TRA PRINT
LCHA STUFF
PRINT LCHA STUFF+1
LXA STUFF 2
TX1 *+14291
SXA STUFF 2
TIXx PRINT=1s1»1
TCOA * ) _
TTR* SYSRET AS LONG AS Wt CANT GET ON LETS GET OFFes
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SYMBOLIC LISTING OF =185CARD=

et LABEL
P
*
#185CARD - ON-LINE START CARD FOR X-RAY SYSTEM ON 85))
COUNT = 3(
TTL VERSION OF 2 JAN 63 B .
% TrmlS CARD WILL INITIATE THE XRAY SYSTEM ON 55 PUT CA
# CARD READERs PUT PROGRAM TAPE ON B5y CLEARs LOAD CARDS
# PRUVISICN IS MADE FUR REDEFINING NTINii AND NTCUTM AT S
# STUFF+1ls RLSPoCTIVELY.
FUL
ORG C
P TAPENG B5
*
I10CT 34,9STUFF=3
LCHA LhS
Tcea *
%
57 AXT 594
TRA RD
TRA RD
RO REwP
RTEP
RCHP 10
TCCOP *
RTEP
RCHP 1
TCcoP *
TRCP NG
TRA 2
NG TIiX RDslol
HTR
10 IORT Uesote
*
L2S [oCP WUITewl
10CD NTPROG-29+9+3
*
STUFF HTR QUIT PROGRAM EXIT
PZE s NTOUTM
PZE X NTINM
PZE 101C NTPROG
*
NTPROUG BOOL 77431
GUulT BOOL 77333
END
#TNDIN

- 21 -
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Explanation of the Example

The following concluding pages of this report consist of
reproductions of lists of input cards and of printed output.
(These lists have been shortened by omitting large quantities
of reflection data.) This example of the use of X-Ray 63 (under
IBSYS) is intended to show some of the features of the system;
it is not exhaustive. Even though this example of the solution
of a structure and its partial refinement is shown in these
listings as a single 53 minute IBM 7090 run, there were 3 "hand"
operations carried out* wupon the output in the actual structure
determination. The sequence of events was as follows:

1. Data Reduction

2. Calculation of the E's (scaled unitary structure
factors).

3. Sorting of the E's into groups of hkl in decending
order of E.

4. The hand ":E;" calculation of probable phases
(two sets were found - only the correct
solution is shown).

5. Application of the determined phases to the

appropriate reflections.

*Programming and check-out is currently being carried out to

further automate these operations.

- 22 =




10.

11.

12.

13.

Calculation of an "E" map.

Search of the "E map" for peaks.

Hand examination by plotting of the configuration
of peaks.

Calculation of structure factors based on the
strongest, best appearing arrangement of peaks.

Fourier refinement of the coordinates of these
peaks.

Calculation of a difference map in the region of
the missing oxygen atoms.

Further Fourier refinement of all the "heavy"

atoms of the asymmetric unit.

Full matrix least squares refinement of the

"isotropic" structure.

- 23 -
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FORMFX

L2 X 2RISRt e i d il e e R TR ISR IRRIZR LTRSS ILAYTTZET L TR RN

BINARY DECK OMITTED FROM LIST (10 CARDS)

LA 2222 2 22222 RSl 2 A i 2R SRS SL LSS YSN L L LY YT AR TR

DATA
5595555335555 55355585535555353555555353555535535355555555535553558SS

THIS IS A RUN OF X-RAY 63 UNDER IBSYS. DURING EXECUTION

IBSYS IS SAVED BUT NOT IN CONTROL

IF IT IS NECESSARY TO RESTORE lBSYS BEFORE THE NORMAL END OF
THE RUN TRA EITHER TO OCTAL 400 OR 77333,

SENSE SWITCH 1 MUST BE OFF OR ELSE ALL PRINT WILL BE ON LINE.
YOU MAY THEREFORE SAMPLE THE BCD OUTPUT AT ANY TIME.

3355535555555 33353355333953555555555555555555355535353555555555539

$35555355555555353355355535353555559555555555535535555335535535555555359

THE FOLLOWING RUN ON X-RAY 63 IS INTENDED TO ILLUSTRATE SOME
OF THE FEATURES OF THE SYSTEM, THE EXAMPLE CHOSEN IS THA
THE STRUCTURE DETERMINATION AND PARTIAL REF INEMENT OF
2930496 ~ TETRANITROANILINE (TENA). AT THE TIME THE ACT
DETERMINATION WAS CARRIED OUT IT WAS NECESSARY TO BREAK IT INTO
SEVERAL SEPARATE EXECUTIONS.

5558553555555 5555553355555355555555555355535535555535535935555555835S
y39496 ~ TETRANITROANILINE PREPARE DATA (DATA REDUCTION)

TENA

CELL PARAMETERS 3/25/64 INTENSITIES 12/18/63

ENA . 6 124271 ~0e15261 552
l1eUeCRes INTERNATIONAL TABLES FOR X-RAY
CRYSTALLOGRAPHY s BIRMINGHAM - THE KYNOCH
PRESSe VOL 3, PHYSICAL AND CHEMICAL
TABLES (1960).
loUeCRey INTERNATIONAL TABLES FOR X-RAY
CRYSTALLOGRAPHYs BIRMINGHAM - THE KYNOCH
PRESSe VOL 3, PHYSICAL AND CHEMICAL
TABLES (1960)e

QOOZZZZ2ZAX2LZ2IXIZZTZZ2NNNNNNNNNNNNNNNNNN—
[elalel Sl g od ol ol plelelalaleloalelale oot Sl ol Sl elalolalelelelel oo LN]
® ® O 5 6 00 DB OO OO L PO OSSO EHL 0L PO SO ENSE e
N=O~NOVEWNH OV NONSWNONOVLE WOV NN LPWN~ON
0000000000000 00000O0O0000D000000O0OOOCOON
[
=)
OO OO O b= ot bt 1t et et bttt NI I B OV OO O O O O et ot bt ot b 1t s N W AN O Bt
® 9 0 0 9" O 0 OO0 OO OO OSSP E OO OO O S PE O BR T O OE SN PGS
ANO~NNOVOOFNWE RNV LNONOVNE NOVONWE VIO NO OO
WO O W~ VP NOL O L0000 ~NVWOOOOOHN IO L EOWN

leUeCRes» INTERNATIONAL TABLES FOR X-RAY
CRYSTALLOGRAPHY » BIRMINGHAM - THE KYNOCH
PRESSe VOL 3, PHYSICAL AND CHEMICAL




TABLES (1960).
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NTERNATIONAL TABLES FOR X-RAY
RAPHY s BIRMINGHAM - THE KYNOCH
203, PHYSTCAL AND CHEMICAL
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n

REMARK
REMARK # %4415 #H R R XSRS RRBRARER AR A BRRRE RN R R G R RRR IR R B R R E R REX R AR SRR AR AR RN RN E A RN
RE MARK

sgmﬁgé MOST REFLECTION CARDS OMITTED FROM LIST
REMARK # %588 S5 R0 R AR EEREERERRER AR R AN E R RSN ER AR R AR AR R R E R AR R R R RN RRR BRI ER RN
REMARK
2 7 9 =2 7.00 04l 1691
1 7 g -3 54400 041 1692
1 7 9 -4 54.00 041 1693
ENDOBS
1 1 0 1
1 1 0 -1
1 1 0 3
REMARK ! ! °-3
REMARK S R R R B R R AR R AR RIS NN RN R RSN RN RN R S SRR TR AR R SRR RN E A AR AR NN
REMARK
QEMARK MOST REFLECTION CARDS OMITTED FROM LIST
REnﬁRK{&*ii{i}i*l{*l{li{l*i*iillilil*il*lll{l*l.ill}ililillllllilllﬁiIilllllli*i
REMARK
END
TITLE CALCULATE SCALED UNITARY STRUCTURE FACTORS (KARLE - HAUPTMAN E'S)
DATFIX TENA
EPSILON 1 1 1 1 2 1
CELCON 24C
CELCON 20N
CELCON 320
EEBCON 12H
TITLE SORT E'S INTO ORDER FOR =HAND= PHASE DETERMINATION
ESBRT TENA 1
£
TITLE APPLY SET OF CALCULATED PHASES TO APPROPRIATE REFLECTIONS
TAPES 12 11 [
MCDIFY TENA 210
MODREF 1 0 -12 +1
MODREF 2 6 -1
MODREF 5 -4 +1
MODREF 6 -1
MODREF 1 12 +1



REMA
REMAS§lll{*llllilll'{lillii!{ili!ii{ll!iiili.ili{{{{Ililil{!i‘llGillll*i}lliliil
REMARK
ggn:gK MOST MODREF CARDS OMITTED FROM LIST
REMARﬁl#iii}fl**}{i**li&iiiiii*}ll&i*{*{il*l{l&i{!{iiliiii{{i{{illi{*iliiililil*
REMARK
END
TITLE 2939496 ~ TETRANITROANILINE
FOURR TENA 13 1000.
GRID TENA 24 37 40
MAP TENA 315 -99
EQBOUT TENA i3 0 1 37 0 1 21 0 1 123 211
TITLE GENERATE NEW SYSTEM TAPE WITH PEAK SEARCHING ROUTINE INCLUDED
LOADER PIKTES 9
LM 20600
REMARK 330363 35 038 30 30 38 30 08 640 3000 95 00 3000 0 30 96 36 30 36 90 3630 30 36 36 96 06 30 08 36 508 369 2036 5 4 3 3 6 36 38 9 5 3 90 36 36 36 3 36 36 3 96 36 9 38 3 96 996 3 3 % % %
REMARK
sgm:sk BINARY DECK OMITTED FROM LIST
REMARﬁilﬁi}}{{ii*{li&iliiiall|§cu*i«il&iiiiiiiuliiiuiliiiii}i&**ﬁi{}i*lii&}i&};&
REMARK
END
TITLE SEARCH MAP FOR HIGHEST PEAKS (19 ATOMS IN ASSYMETRIC UNIT)
EESPIK TENA 1
TITLE CALCULATE STRUCTURE FACTORS FROM SET OF PEAKS IN E MAP
TAPES 11 12
FC TENA
REMARK SCALE AND TEMPERATURE FACTOR FROM DATFIX
REMARK THE PEAK PICKING LINK LOCATED ALL BUT 041 AND 042
SCALE «87
8 TENA 46321
ATOM Cl C0e2517 08320 062847
ATOM c2 Oe4286 09009 042923
ATOM C3 Qe4464 03837 0.1216
ATOM C4 04500 02864 0.0488
ATOM (%] 03980 07065 0.4310
ATOM cé 0e2512 07376 043521
ATOM N1 061169 08469 0.1993
ATOM N2 Oe&321 O 02275
ATOM N3 0e2746 04597 041031
ATOM N& 0e3091 02458 Q.4636
ATOM N6 00943 0.6628 0.3511
ATOM 021 063332 0.0175 0.1306
ATOM 022 044651 061169 0.2791
ATOM 031 Q01943 04731 00,1899
ATOM 032 062650 05162 04,0194
ATOM 061 00846 05708 0.4156
é;gﬂ 062 00393 01703 00,2342
TITLE REFINE ROUGH COORDINATES OF THE MOLECULE BY BLOCK FOURIERS
TAPES 12 11
FOUREF TENA 321 2 1
REMARK SCALE FACTORS FROM FC
E;SLES 5 5 «02 e2 02 «01 «008
TITLE SEARCH IN REGION OF MISSING OXYGENS
FOURR TENA 8 1 o2
GRID TENA 48 74 80
EA;OUT TENA 24 2 2 18 12 1 15 26 1 123 2
N
TITLE REFINE ALL HEAVY ATOMS
ESGEEF TENA 1%2{22 1
REMARK ADD OXYGEN ATOMS FROM DIFFERENCE FOURIER
GRID TENA 48 74 80
ATOMG 041 1540 2440 33,0
ATOMG 042 70 1640 39.0
g:gLES 5 o5 «02 e2 <02 «01 «008
;ig%g REFINE WITH ISOTROPIC CYCLES OF FULL-MATRIX LEAST SQUARES
ORFLS TENA 2 1 1
END
SAVE 11 12
FINISH
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